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1 INTRODUCTION

A cavitation-erosion resistant ambient-curing, solvent type neoprene coat-
ing, Formulation ML-C570 developed by the Material Laboratory under author-
ization of references (a$ and (b) has been applied to the foils, struts, flaps
and rudders of the PC(H)-l, at the J. M. Martinac Company, Tacoma, Washington.
The application was strted 11 June 1962 and completed in August 1962. This
report will describe and discuss the application procedures and their suit-
ability under shipyard conditions, materials employed, and characteristics of
the coating as determin-ed in the Material Laboratory.

2. BACKGROUND

The erosion resistance and other characteristics of the ML-C570 coating
material as determined in the Material Laboratory were described at a meet-
ing in Code 634C of the Bureau on 20 November 1961. Attendees at this meet-
ing are listed in enclosure (1). This meeting had been convened to discuss
cavitation erosion of a 22 ft diameter manganese nickel bronze propeller of
the USNS AMERICAN EXPLORER (T-AO-165), and means of controlling this damage.

3. It had been indicated in references (c) and (d) that under non-super-
cavitating conditions of operation, the foils and struts of hydrofoil craft
would be required to have a high degree of corrosion and cavitation erosion
resistance. In view of the low cavitation erosion resistance of epoxy coat-
ings as reported in reference (e) and on the basis of the high erosion re-
sistance of the 1,1-C570 coating, reported as described above, a change order
was issued under reference (f), substituting the application of the ML-C570
neoprene coating for the previously specified HYCON-75 epoxy coating, on the
foils, struts, rudders and flaps of the PC(H)-l.

4. DESCRIPTION

The application of the ML-C570 coating and related primers, adhesives
and smoothers, to the structures of the PC(H)-l is described in detail in
enclosure (2), including:

a. Structures coated (also illustrated in enclosures (3), Wt, (5)).
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b, Surface preparation.

c. Facilities for application of coating.

d. Coating materials.

e. Coating application procedures.

Personnel of the J. M. Martinac Company, The Boeing Company and SUPSHIPS, USN,
Seattle, were instructed in the surface preparation of the structural parts,
the use of the coating materials and their application to the foil and strut
sections of the PC(H)-l by Material Laboratory engineer, J. Z. Lichtman, during
his assignment to the Martinac Company from 11 to 22 June 1962. The spray ap-
plication of the catalyzed fiL-C570 coating was tested at the Martinac Company,
using a Graco airless spray gun, Model 205-162, Series 6A1, with a 163-821
tip. A uniform coating was not obtained. Therefore the brush-application
procedure, described in r iclosure (2), was used in the present application.

5. TESTS FOR COATING PFDERTIES

Test specimens prepared simultaneously and in an identical manner to the
preparation and coating of the forward strut, rudders and flaps, were for-
warded to the Material Laboratory for test. These tests included:

a. Cavitation erosion resistance.

b. Mechanical properties of supported and unsupported films in:

(1) Initial condition, and

(2) After fresh water immersion.

Test specimens prepared in the Material Laboratory were also subjected to
the above tests, including, in addition, evaluation of mechanical proper-
ties after exposure to 4% simulated sea water for periods up to 28 days.

c. Cavitation erosion exposure: The 12 in. dia. x 1/8 in. thick cavi-
tation test disks were run in the rotating disk apparatus at 3200 rpm and
15 psig, as described in references (j) and (k), using fresh water or sea
water, as shown in enclosure (6). Erosion measurements of the metallic
specimens were made after the exposure periods, using a jnicrosyringe,
Hamilton Company No. 701-N (10 AI capacity, 0.2 pi graduations) or No. 705-N
(50 pI capacity, 1 A1 graduations). The liquid used in the erosion volume
measurements was a silicone oil of- 50 cs viscosity.
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d. Mechanical properties determined included:

(1) Tensile strength: reference Ci), Method 4111.

(2) Ultimate elongation: reference (i), Method 4121.

(3) Tear strength: reference (i), Method 422i.

(4) Tensile hysteresis: reference (J), paragraph 5.c.

(5) Volume swell: reference (1), Method 6221.

(6) Adhesive Strength: reference (i), Method 8031.

(7) Tensile modulus: reference (i), Method 4131.

Results of cavitation erosion exposure on the ML-C570 coating material applied
under field and laboratory -,onditions, and of ferrous structural materials
exposed under the same ccnrirUtions are shown in enclosure (6). Results of
evaluation of the mechan. ;I properties of the ML-C570 coating material are
summarized in enclosure (7),

6. CONCLUSIONS

The following conclusions are indicated by the results of the described
application and tests of the coating materials:

a. Brush application of the solvent-type ambient curing neoprene coat-
ing ML-C570 to large, irregularly-shaped structures as represented by the
foils, struts, rudders and flaps of the FC(H)-I is feasible and practical.
Application procedures as described in emclosure (2) were used by shipyard
personnel without difficulty.

b. The values of properties of the coating material as applied in the
field are comparable and, in same instances, superior to those obtained on
laboratory-applied samples, as shown in enclosure (7). The initial tear
and adhesion properties of the Tacoma sanp]es were somewhat higher than the
Laboratory-prepared samples, while the tensile strength and ultimate elonga-
tion properties of the Laboratory-prepared samples were higher than those of
the Tacoma samples.

c. Although spray application of the NL-C570 coating was attempted as
described in paragraph 4, this formulation is applicable by brush only, in
accordance with procedures described in enclosure (2), section e.

4
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d. Long time immersion of the coating in fresh and sea water resulted
generally in slight decreases in tensile strength, ultimate elongation,
tear strength and adhesive strength of the coating. Evidence of blistering
after long-time immersion of the Tacoma samples indicates the need for more
thorough cleaning and priming of the substrate to prevent localized adhesion
separation because of internal stresses. As indicated by Evans, reference
(g), the tendency to blister may be stronger in distilled water than in sea
water. This factor, as well as the more uniform cleaning of the adhesion
test specimens in the Laboratory application, may account for the lack of
blistering of the specimens exposed in sea water despite their lower ad-
hesive strength,

7. REPAIR PROCEDURES

Areas of the ML-C570 coating which may be damaged after application, and
during or after installation of coated structures in the boat, may be re-
paired as described in enclosure (8) and reference (h).

8. RECO41ENDATIONS AND FUTURE WORK

Investigation of the ML-C570 coating material to determine its anti-
fouling properties is presently underway. Also, other elastomeric coat-
ing systems designed for superior erosion and fouling resistance are being
developed. Therefore, recommendations for further service applications of
the ML-C570 coating will be held in abeyance at the present time, pending
results of present service applications and the above development work.

&: McREEVY
By direction
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Attendees at Conference on Cavitation-Erosion Resistant Coatings for Propeller
of USNS AMERICAN EXPLORER (T-AO 165) at BUSHIPS, 20 November 1961

S. A. Fielding Maritime Administration, Code 810

W. M. Jackson MSTS, Code M4 R12

N. W. Springer MSTS, Code MbR61

CDR E. P. Cochran, Jr., USN ONR, Code L29

B. L. Silverstein ONR, Code 438

S. W. Feroff ONR, Code 438

E. A. Bukzin BUSHIPS, Code 342A

D. Pratt BUSHIPS, Code 634C1

Go Sorkin BUSHIPS, Code 341A

I. Fioriti BUSHIPS, Code 442

R. C. Beatty BUSHIPS, Code 644

D. H. Kallas Material Laboratory, Code 9300

J. Z. Lichtman Material Laboratory, Code 9370
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DESCRIPTION OF APPLICATION OF COATING MATERIALS
TO STRUCTURAL SECTIONS OF PC(H)-l

a. Structures of PC(H)-I Coated with Neoprene Formulation ML-Cý70
The structures of the PC(H)-l coated during the period 11 June to 22

June 1962 included the following:

(1) Forward Strut, Figures 1A, B, D, 2H, J, K

(2) Forward Flaps, Figures lB, 1D, 2L, 3P

(3) Forward rudders (upper and lower) Figures 1A, B, D, 21, L

•These sections had previously been subjected to load deflection tests, the
fixtures for which are shown attached to the foil in FLgures IA, 5

O~her Sections coated from 22 June to August 1962 included:

(1) forward foil, Figures 1A, B, D, E, 3P

(2) Aft struts, Figures 1C, F

(3) Aft flaps, Figure: 3M

(4) Aft foils, Figures 3M, N, 0

b. Surface Preparation

All metallic surfaces to be coated were disk ground to remove the pre-
viously applied 117 pretreatment primer and 84 anti-corrosive coatings. The
disks used in grinding were Type BFH, MOS 6000 RPM, 9 K 1/8 x 7/8, A 214-5-BFH,
supplied by the Pacific Grinding Wheel Company, Everett,, Washington. The
roughness of the metal surfaces after grinding was approximately 150-180 p. in.

cQ Facilities used in Application of Cavitation-Erosion Resistant Coatin
toPC _)-

After surface grinding to remove all the previousl~r applied 117 pre-
treatment and 84 anti-corrosive coatings, the parts were moved into a shed
shown in Figure 2G. This shed, approximately 40 ft long by 15 ft wide by
10 ft high was equipped with a removable roof to permit placing into the
shed the larger foil and strut sections, which would rot clear the doors
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and would require handling by crane. The shed had a fan blowing inward
through a filter to provide positive pressure in the building and prevent
dust sifting inward. Steam coils were located along the long walls near
the floor to provide heat when the room temperature dropped below 60F. To
supplement the ratural light entering through the plastic roof panels, drop
lights were pro-ided for illumination of the under sides of structures
during coating. A temperature range of 60 to 88F and relative humidity
range of 36 to 72% was obtained in the shed during the period of 11 June to
22 June 1962.

d. Coating Materials

The coating naterials " eluded the following:

(1) Metal degreasing n .jnt. Trichloroethylene (TCE)

(2) Pretreatnent prijrn , Formula -17, Specification MIL-C-15328A

(3) Adhesive, Bostik .>I?, B. B. Chemical Div., United Shoe Machinery
Comapany, Cambridge 39, Massachusetts.

(4) Neoprene CoatingMaterial Laboratory Formulation ML-C570. Formula-
tion developed by- Naval Material Laboratory, manufactured by Rubber and
Asbestos Corporation, 225 Belleville Avenue, Bloomfield, New Jersey because
of quantity required (176 gals).

Formulation :

Base: Neoprene AD 20 100 part by wt

Hi Sil 233 20 part by wt

Bentone 27 1 part by wt

Processing: Band the Neoprene AD 20. Mix Bentone 27 into 1/3
of Hi Sil 233. Incorporate this mix into neoprene, followed by addition
of remaining Hi Sil 233. Mill to obtain smooth compound. Refine and sheet
off. Dissolve in toluene/amyl acetate (1:1 by wt) to a 20% solution by
weight. Viscosity of base solution shall be in range of 1000 to 5000 cps
as determined with Brookfield Model RV viscometer at 20 rpm, with a No. 4
spindle at 77F in a 1 pt can.

Catalyst: Catechol solution in toluene 1% by weight. Packaged
in units of 0.37 gal catalyst (in 1 gal can) per 4 gals of base (in 5 gal
can).
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(5) Epoxy smoother primer. Coast Pro,-Seal Formula 820 (2 part). Coast
Pro-Seal and Mfg Co.0 2235 Beverly Road, Los Angeles 57, California.

(6) Epoxy smoother. Coast Pro-Seal Formula 813 (2 part).

(7) Epoxy-neoprene adhesive. Consisting of Raybestos-Manhattan formula
Raybond 86009 (2 part) epoxy and ML-C570 (plus catalyst -in. a .1-:1 ratio by
weight. Raybestos-Manhattan, Inc., Raybestos Division, Bridgeport 2, Conn.

(8) Toluene (technical grade). For use in tackifying neoprene coating
and in washing brushes.

(9) Methyl ethyl ketone (MEK) (technical grade). May be used in thinning
Bostik 1007. Approximat 31y 5% of MEK may be used to increase coverage of
Bostik 1007 and to obtain more uniform adhesive coating. The cost and cover-
age estimates of the neoprene coating material and adhesives furnished by the
Material Laboratory are given in Table 2.

TABLE 2

MATERIAL COSTS AND COVERAGE ESTIMATES

Amt Coverage
Material req'd Cost/gal sq ft/gal

Neoprene coating material ML-C570
Base 160 gal 5.60 9 at 30 mil ga
Catalyst (0,37 gal/unit) hO units 3.30/unit dry film

Bostik 1007 6 gal 7.00 200

•Raybond R86009 base I gal 25.70
activator 1 gal 10.50

e. Coating Application Procedures

(1) Application of neoprene 570 to base HY 80 steel and Type 316 stain -

less steel weldment inlays.

'(a) Degrease metal thoroughly with TOE, using clean cloths or stiff
bristle brush, and allow a 20 minute dry time.

(b) Apply 1 brush coat Formula 117 priaer, and allow a 40 minute dry
time.

(c) Apply 1 brush coat of Bostik 1007 adhesive and allow a 60 minute

dry time.

(d) Apply neoprene coating ML-6570 (2 part) by brush.
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-• .-- ,a ,, cG:: , 0,. q, 11_-. o a 5 gal can
(ooniaining 4 ra2.) oI bas,'-. (100 cc catalyst per
klc bahe). 1 hr ,•.'anr time after mixing. Pot
life 16 hro.

Dry time per icxtt 45-60 .1r, obt.jJr .A& c':-frec condition prior to applica-
tion of next ,ccct. AS'trtr '•,, r evcral hours (e.g. overnight) last
coat is tIck1 bh - - c - toi unr,• Lefor, applying additional
coats of 11L-CU70. Prior , cyii-t thic-mess of applied coating is to
be determinr c3 th ,,vi' i -. hic½'ýness gau,-e. Final thickness
to be 30 to 4O mils (attai, y 'b pproiriifely 25 coats). The coating is
then allowed t,-, cuJre at It t 7 days cat higher than 60F.

(2) ApplicýU'.on of Cc "ro eal -c' smoother formula 813 to depressions
in foils (See Figure 2L) recesses in struts, foils and rudders.

(a) Derease mei- i.th TCEY using clean cloths or stiff brush and
allow a 20 min dry time

(b) Apply I brush coat Form•mla 117, and allow a 40 min dry time.

(c) Brush apply 1 corot CoG'-t Proseal epoxy Formula 820 (Equal parts.
by volum'e of pacts A and b), axid aLloox a 12 hour cure time.

(d) Apply Coast Prosual Foaula 813 (Equal parts by volume of parts
A and B). Srioo,-.h out to f:ELred Turfaco. Cure 12 hour3.

(e) Finish grind to faired surface.

(3) Application of Neoprene 570 to epoxy smoother.

(a) 'ash epoxy smoother with toluene, using clean cloth.

(b) 1-takco up epoxy-neoprene adhesive described in enclosure (2) d 7.
Raybond 8600J;' .Yeoive to :crt.iot of' 3 ptas base to 2 parts activator by
weight and to be added to catalyzed ML-C570 in 1:1 ratio by weight. Typical
formula to consist of:

11sybond 86C09 base (3 pts by ,ý.t): 15 gins
activator (20 pts by wt): 10 gms

Neoprene 570 base + catalyst 25 gins

(c) Brush I coat of epoxy-neoprane adhesive onto cleaned smoother.

(d) Allow to dry approximately 2 hours until tacky.
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(e) Apply catalyzed neoprene ML-C570 as in (1)(d) above.

(4) Application of neoprene 570 to pressure-sensitive aluminum foil
covering (adhesive type PS-18) used in water-proofing of external strain
gages on aft struts and hydrofoil.

(a) Degrease HYBO with TCE, using clean cloths or brush.

(b) Degrease aluwenum foil surface with TCE.

(c) Cut aluminur ý'oil with scissors to desired form. Remove masking
tape from adhesive. Ap -foil to metal and roll down with smooth-faced
steel roller (Hoggson acd Pettis Co. 1-12 in. x 1-1/2 in. or equal).

(d) Apply 1 brrD coat 117 primer to aluminum and adjacent HY80

steel, and allow a 40 -7 1 dcy time.

(e) Apply Bostik 1007 and Neoprene oIL-C570 as in(l)(c) and (d) above.

(5) Forward Strut

(a) Strut was mounted in jig as shown in Figure 2 H, after surface
preparation, enclosure (2) b.

(b) All joint and bearing areas were masked.

(c) Coating applied as de6scribed in (I) through (3) above to within 2
inches of lower flange and to bolt cavity of upper flange, Figure 1. D, 2 H
and K.

(d) Coating in upper rudder recess areas adjacent to rudder surface,
Figure 2K, applied to thickness of 15 mils for clearance in rudder operation.

(6) Rudders and Flaps

(a) Lower rudder positioned as shown in Figure 21, upper rudder hung
as shown in Figure 2L. Micarta bearing shims bonded to HYSO with Coast
Proseal Formula 813 epoxy.

(b) Flaps positioned on wood hcses as shown in Figure 2L. All
joints, bearing areas and holes for Locktite installation masked. Depres-
sions in flap surfaces smoothed as described in(2)above. Neoprene ML-C570
applied to thickness of 15 mils at leading edge areas and hinge areas,
Figure 1E and 2L. Otherwise, thickness of coating was 30 to 40 mils as
indicated inm)above.



A. Forward Foil and Strut Assemb .ly. D. Forward Foil arid Strut Showing

B. Forward Foil and Strut Assemblies. E. Forward Foil. Flap Removed.

C. ft trus.F. Aft Strut Showing Attachment Dolt
C. At Stuts.Recesses to Nacelle Section.

MATERIAL LABORATORY LAB. PROJECT 4759-14~

Enclosure (3) - Figure 1, PC(H)-1, Forward and Aft Foil, and
Strut Sections

PHOTO L18196-455



•4 7
G. Heated Shed in Which Neoprene Coat-

ing Work was Conducted. J. Forward Strut After Disk Grinding.

K. Forward Strut Coated With ML-C570

H. Application of Bostik 1007 to Neoprene.
Forward Strut.

I. Forward Lower Rudder Coated With L. Application of Smoother 813 to

ML-C570 Neoprene. Fwd Flaps. Fwd Upper Rudder
Coated with ML-C570 Neoprene.

MATERIAL LABORATORY LAB. PROJECT 4759-14

Enclosure (4) - Figure 2, Preparation and Coating of For-
ward Rudders, Strut and Flaps

PHOTO L18196-456



M. Aft Port Foil and Flap. Prior to N. Aft Port Foil, Showing Hinge BlocksDisk Grinding. 
and Hinge Recess. Flap Removed.

I -

Aft Stbd Foil and 1lacelle Under~.rqztrctiorn. P. Forward Foil and Flaps, Assembled.

Coated with Neoprene ML-C570.Hinge
Block Pins to be Coated.

MATERIAL LABORATORY LAB. PROJECT 4759-14

Enclosure (5) - Figure 3, Forward Foil and Flap, and Aft
Foil, Flap and Nacelle Sections

PHOTO L18196-457
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COATING REPAIR PROCEDURES

"Areas of the ML-C570 neoprene coating which have been damaged during or
after assembly of the coated sections or operation of the boat shall be re-
paired in the following manner. The original coating shall be faired at the
damaged margins using a sharp knife or 80 grit sand paper, The faired coat-
ing surface shall be tackified using a light brush coat of toluene. The
catalyzed ML-C570 shall then be applied, fairing in the patch as it is applied.
If the original coating has been damaged to the base metal and adhesion
failure has occurred, the coating shall be cut away to the extent of adhesion
separation and faired at the residual margin. The metal shall be cleaned
us ing abrasive cloth (50 mesh) to white metal, washed with TCE and reprimed
with 117 primer and Bostik 1007 adhesive prior to recoating with ML-C570.
The new coating materi-i shall be faired carefully into the original coat-
ing margin to prevent a non-smooth surface margin. ShouIA this occurm, the
roughness shall be smoothed with 80 grit sand paper and brushed lightly with
toluene.

".\!
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